Abstract This study aimed to determine if combined exercise intervention improves physical performance and gait joint-kinematics including the joint angle and dynamic range of motion (ROM) related to the risk of falling in communitydwelling elderly women. A 12-week combined exercise intervention program with extra emphasis on balance, muscle strength, and walking ability was designed to improve physical performance and gait. Twenty participants attended approximately two-hour exercise sessions twice weekly for 12 weeks. Participants underwent a physical performance battery, including static balance, sit and reach, whole body reaction time, 10 m obstacle walk, 10 m maximal walk, 30-second chair stand, to determine a physical performance score, and received quantitative gait kinematics measurements at baseline and in 12 weeks. Significant lower extremity strength improvement 13.5% (pϽ.001) was observed, which was accompanied by significant decreases in time of the 10 m obstacle walk (pϽ.05) and whole body reaction time (pϽ.001) in this study. However, no significant differences were seen for static balance and flexibility from baseline. For gait kinematics, in the midswing phase, knee and hip joint angle changed toward flexion (pϽ.01, pϽ.05, respectively). Ankle dynamic ROM significantly increased (pϽ.05) following exercise intervention. The plantar flexion angle of the ankle in the toeoff phase was increased significantly (pϽ.01). However, other gait parameters were not significantly different from baseline. These findings from the present investigation provide evidence of significant improvements in physical performance related to the risk factors of falling and safe gait strategy with a combined exercise intervention program in communitydwelling elderly women. The results suggest this exercise intervention could be an effective approach to ameliorate the risk factors for falls and to promote safer locomotion in elderly community-dwelling women.
Introduction
Falls in older people are a major public health concern in terms of high morbidity, mortality, and enormous costs to health and social services. According to statistics of the Japanese Ministry of Health, Labour and Welfare in 2002, the elderly (over 65 yrs) who become bedridden owing to fracture by falling comprise 12.2% of the bedridden elderly, and is increasing. Furthermore, falling is the leading cause of injuryrelated deaths in elderly adults. For those aged 70-79 years, 27.7% of injury-related deaths are attributable to falling. This proportion increases to 46.4 and 64.8% for those aged 80-89 years and 90-99 years, respectively (Rogers et al., 2003) . Consequently, developing safe, effective, and feasible multidimensional exercise programs for preventing falls in elderly individuals is essential if we are to positively impact the health of the fastest growing population segment today.
Falls result from many factors, including both intrinsic and extrinsic. Intrinsic factors are internal to the individual. Increasing age, a history of falls, impaired balance, poor muscle strength, including ankle strength, slowed reaction time, and characteristics of gait changes are examples of intrinsic risk factors (Tinetti et al., 1988; Davis et al., 1999; Lord and Fitzpatrick, 2001; Schlicht et al., 2001) . The most common gait changes related to the tendency to fall in older adults, in comparison to younger adults, are slower gait velocity with a shorter step length, shorter relative swing phase time, and less range of motion (ROM) at the hip, knee, and ankle joints (Judge et al., 1996; Kerrigan et al., 1998 
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underlying joint kinetics associated with these kinematic reductions with age appear to be, primarily, lower plantar flexor torque and power at the ankle joint (Judge et al., 1996; Kerrigan et al., 1998) , and, possibly, reduced torque at the knee and hip joints (Kerrigan et al., 1998) . Although some falls may have a single cause, most falls are believed to result from a combination of factors (Tinetti et al., 1988) . Thus, it has been recommended that an exercise intervention program must include all exercise elements (strength, balance, flexibility, and endurance) to increase functional reserve, for long-term effective prevention of falls (Skelton and Beyer, 2003) .
The effects of exercise on lower extremity muscle strength and these age-related gait changes have been reported for adults aged 60 years and older (Buchner et al., 1997; Lord et al., 1996) . In addition, Lord et al. (1996) have demonstrated that training programs (aerobic, balance, and strengthening) have been proven successful at translating lower extremity muscle strength increases into improvement in gait in older adults. A limitation to previous work has been the selection of only one dependent measure, the gait velocity test, to assess the effectiveness of the exercise intervention. While the gait velocity test provides a global assessment of gait function, other dependent measures are needed to provide insight into mechanisms underpinning gait changes consequent to the exercise intervention. In addition, Savelberg and Meijer (2004) reported that the decline in muscle function that has been found to be associated with aging is joint angle dependent. Therefore, when investigating gait changes, it is necessary to consider changes at relevant joint angles. However, to our knowledge, few studies (DiBenedetto et al., 2005; Kerrigan et al., 2003) have investigated the effect of exercise intervention on the gait joint-kinematics including joint angle and dynamic ROM in elderly adults.
In this study, we examined the influence of a combined exercise intervention program on physical performance and gait kinematics in community-dwelling elderly women. Specifically, we tested the hypothesis that a combined exercise intervention program with extra emphasis on balance, muscle strength, and walking ability would improve physical performance (including static balance, sit and reach, whole body reaction time, 10 m obstacle walk, 10 m maximal walk, and 30-second chair stand performance) and gait jointkinematics including the joint angle and dynamic ROM related to the risk of falling in community-dwelling elderly women.
Methods

Subjects
Twenty healthy elderly women over 65 years old (age range, 65-79 yrs) were recruited to participate in a trial for preventing falls in a Health Promotion Center. All the subjects were independent in daily living activities and no walking aids were required. Subjects completed medical histories, exercise histories, and information on lifestyles by questionnaire and physical examination before participation in the study to ensure they were free from exclusion criteria. Exclusion criteria were the presence of severe cognitive impairment, symptomatic cardiovascular disease at moderate exertion level, the diagnosis of a stroke, Parkinson's disease, or other neurological disorder, peripheral neuropathy of the lower extremities and crippling arthritis. This study was approved by the Ethics Committee of the National Institute of Fitness and Sports in Kanoya.
Exercise program
The exercise program contained aerobic exercises, activities of balance, coordination exercises, strength training, and walking training. In particular, it included stretching, balance ball, step with body-bar exercises, mini-hurdle walking, zigzag footwork, pool walking, ordinary walking, and sit-and-stand up exercises. The exercisers participated in approximately twohour exercise sessions twice weekly for 12 weeks. The first 2 weeks of exercise was an acclimation period. The exercises were divided into five sections: a 5-to 10-minute warm-up period, a 15-minute stretching period, a 40-minute circuittraining period, a 30-minute balance ball exercise period or a 30-minute walking in pool period, and a 10-minute relaxation (cool down) period. One-to 5-minute rest periods were taken between exercise sections. Blood pressure was recorded as a safety measure only and was not recorded as an outcome before and after exercise sessions. The exercises were undertaken as group activities, with a major emphasis on social interaction and enjoyment.
Outcome measures
Physical performance measures in this study assessed several intrinsic parameters identified as risk factors for falling and future disability in older adults (Tinetti et al., 1988) . Measurements were taken prior to beginning and completing the 12-week exercise program.
Lower extremity muscle strength measurement
Lower extremity muscle strength was determined via the 30-Second Chair Stand Test (CS-30) which has been shown to be safe and effective in older adults without great expense (Jones et al., 1999) . The test begins with the participant seated in the middle of a chair, back straight, and feet approximately shoulder width apart and flat on the floor. The arms are crossed and held against the chest. At the signal "go", the participant rises to a full standing position (body erect and straight) and then returns to the initial seated position. The participant is encouraged to complete as many full stands as possible within a 30-sec time limit. The score is the total number of stands executed correctly within 30 seconds. 
Static balance
Maximal walking speed
Maximal walking speed was measured by timing subjects as they walked across a 10 m floor. The total length of the marked walkway course was 14 m, allowing for 2 m acceleration and deceleration zones. Subjects performed two timed trials. Once testing was complete, the best time was recorded.
m obstacle walk
Maximal walking speed was measured by timing subjects as they walked across a 10 m floor on which an obstacle was placed (10 cm in height, 20 cm in thickness) at six places at intervals of 2 m, including a start and goal point. Subjects performed two timed trials. Once testing was complete, the better time was recorded.
Whole body reaction time
Reaction time was measured by using a light signal as the stimulus and a jump from a force-plate as the response with a TKK-126b System. Each subject stood on a force mat and was asked to jump upright as quickly as possible in response to flashing. The record was computed from the average of 5 trials, not counting the maximum or minimum score for each subject.
Sit and reach test
The sit and reach test was performed to evaluate the flexibility of the subject's trunk by a box type sit and reach apparatus. The subjects were instructed to sit with their feet positioned flat against the apparatus, with knees fully extended and feet together. As the experimenter pressed down on the knees to keep them extended, each subject was instructed to stretch forward slowly with hands and arms outstretched as far as possible toward or past the toes for at least 1 sec. Two trials were given; the better measurement reached was recorded.
Gait analysis
Subjects wearing sports shoes walked across a 10 m walkway, while sagittal kinematics data of the left lower extremity were recorded using a high-speed (125 f/s) videotape camera system (HSV-500C3). Prior to videotaping, markers were placed on the left side of the subject at the following bony landmarks: the heel, the fifth metatarsal head, the lateral malleolus, the femoral epicondyle, the greater trochanter and the acromialis. Subjects were asked to walk on the walkway at a self-selected pace. The subjects were allowed to warm-up for a minimum of 5 min. No fatigue effects were reported as a result of the warm-up for the elderly group. Subjects were asked to walk on the walkway at a self-selected pace after several practice trials. Kinematics data between 5 m and 8 m on the walkway were recorded for 1 gait cycles. The angles of hip, knee, and ankle at the phase of heel-contact (HC), mid-stance (MID-ST), toe-off (TO) and mid-swing (MID-SW) of the left foot were analyzed by software (WINanalyze Version 1.5). The HC phase was determined from the peak negative acceleration of the heel marker, and the TO phase was determined from the peak positive acceleration of the fifth metatarsal head marker (Mills and Barrett, 2001) . MID-ST is defined as the phase in which the marker of the lateral malleolus is vertically below the marker of the greater trochanter in the stationary leg, and MID-SW is defined as the phase in which the marker of the lateral malleolus is vertically below the marker of the greater trochanter in the swing leg. The hip, knee, and ankle angles were measured relative to the vertical axis and thigh, thigh and shank, and shank and foot segments, respectively. Knee angle was computed by subtracting relative angle measurements from 180°. Dynamic ROM is defined as joint (Hip, Knee, and Ankle) angle range of motion during the gait cycle. The gait velocity was calculated for each trial by dividing the absolute stride length (defined as the distance traveled in two steps from HC to HC) by the respective gait cycle duration (the stride time from HC to HC). During the data collection period, subjects were asked to walk on the walkway at a self-selected pace after several practice trials.
Statistical analysis
Standard statistical methods were used to calculate mean and SD. To test changes in outcome measures between baseline and 12-week measurement data, a student's paired t-test was performed. Statistical significance was preset at the pϽ.05 level. All statistical analyses were undertaken using the Statistical Package for Social Sciences (Dr. SPSS for Windows).
Results
Anthropometric characteristics
There were no significant differences for anthropometric characteristics between baseline and 12-week measurement for height, body weight, percent body fat, and BMI (Table 1) .
Effect of exercise on physical performance
No significant differences were seen between baseline and 12-week measurement for the time of the balance test and sit and reach (Table 2) . The results for the performance and motor ability tests indicated that the time of the 10 m obstacle walk decreased 4.5% (pϽ.05) after exercise intervention. A similarly modest but not quite statistically significant improvement 3.8% (pϭ.10) in the time of the 10 m maximal walk was also observed after exercise intervention. The whole body reaction time decreased 6.4% (pϽ.05) significantly at the 
Effect of exercise on gait
Although stride length, cadence, and velocity tended to decrease, it was not a statistically significant decrease (Table  3 ). Figure 1 shows the hip joint angle, knee joint angle, and ankle joint angle at the phase of HC, MID-ST, TO, and MID-SW during a gait cycle. The hip joint angle of the HC, TO and MID-SW analysis phase during a gait cycle increased significantly (pϽ.001, pϽ.01, pϽ.05, respectively). The knee joint flexion angle and the ankle joint plantar flexion angle at the phase of MID-SW during a gait cycle increased significantly (pϽ.01, pϽ.05, respectively). This means the foot clearance in the swing phase became greater after exercise intervention. The ankle joint plantar flexion angle at the phase of TO during a gait cycle increased significantly (pϽ.01). No significant differences were noted between baseline and 12-week measurements for dynamic ROM of the knee and hip joint. However, dynamic ROM of the ankle joint significantly increased (pϽ.05) from 36.4 to 40.1 degrees after 12 weeks of combined exercise (Table 3) .
Discussion
In this study, we have demonstrated that a 12-week combined exercise intervention program using inexpensive equipment undertaken by community-dwelling elderly women can safely improve muscle strength. The strength gains could be associated with improvements in whole body reaction time, 10 m obstacle walk time, and gait joint-kinematics in community-dwelling elderly women. While long-term prospective studies of fall rates would be needed to confirm the potential benefits of combined exercise intervention, the findings from the present investigation provide evidence of significant improvements in physical performance related to the risk factors of falling and safe gait strategy after a combined exercise intervention program in communitydwelling elderly women.
The effect of exercise intervention on physical performance
Declines in static balance are also associated with falls (Tinetti et al., 1988) , and static balance is a valuable predictor 328 Effects of Exercise Intervention on Physical Performance and Gait Kinematics for determining individuals who are at risk for falls (Rogers et al., 2003) . Previous studies have investigated the effect of exercise intervention on static balance and have shown inconsistent results. reported that static balance in single stance improved 17% as a result of following combined training which included muscle resistance training of the leg (knee extension and leg press), walking exercise, and tai chi movements for six months, 3 times per week, for elderly women. Rikli and Edwards (1991) reported that static balance in a one-leg stance with eyes open was significantly improved following exercise for three years in older women. However, Engles et al. (1998) reported that no significant differences in static balance were seen following aerobic dancing (60 minutes per time, 3 times per week) in intensity (50-70% HRmax) for elderly men and women. An improvement in leg muscle strength was also found in a study for improving the balance performance of elderly people (Islam et al., 2004; Englund et al., 2005) . However, in this study, although leg muscle strength has improved, improvement of static balance was not seen. The reason seems to be that the subject's balanced capability baseline level was higher than in previous studies (Rikli and Edwards, 1991; Rooks et al., 1997; Englund et al., 2005) . Differences in the age and previous activity levels of subjects may explain the difference of a subject's balanced capability baseline level. Moreover, the physical parameters associated with balanced capability is complex; it includes vision, perception, and proprioceptor systems. Reaction time is a physiological entity that has been studied extensively in the research literature and has been linked as a causal factor in the incidence of falls in the elderly population. Many strategies to improve reaction time dysfunction have shown inconsistent results. Whitehurst (1991) has reported that there was no effect of training on reaction time of elderly women, as a result of endurance training over 12 weeks (40 minutes per time, 3 times per week). Additionally, Panton et al. (1990) have also reported that there was no effect of training on the reaction time of elderly adults as a result of aerobic or resistance training over 26 weeks. However, Rooks et al. (1997) have reported that not only resistance training but also walking for 10 months has improved simple reaction time (13%, 11%, respectively). Our study extends the previous findings of Rikli and Edwards (1991) , showing that combined exercise intervention for elderly women can improve reaction time. Differences in the mode and intensity of the exercises or in the contents of measurement in different studies may also explain the inconsistencies. Previous exercise interventions to improve gait performance in older adults have been shown to be effective, within the limitation that most investigations have focused mainly on unobstructed gait performance (Schlicht et al., 2001; Puggaard, 2003) . It has been shown that almost 50% of falls in community-dwelling older adults occur during destabilizing activities such as stepping over an obstacle and negotiating raised surfaces (Tinetti et al., 1995) . Gait challenges such as stepping over an obstacle and negotiating a raised surface are commonly encountered during everyday activities and, compared with level walking, pose a greater threat to stability and place considerably increased demands on the muscular skeletal system (Patla and Rietdyk, 1993) . Therefore, when investigating exercise interventions for preventing falls on gait performance, it is necessary to consider changes at obstacle negotiation walk performance. The significant decrease in the time of the 10 m obstacle walk after 12-week exercise intervention suggest an effective improvement in capacity to encountering difficult walk challenges in older women subsequent to the combined exercise intervention program in this study.
Research has consistently demonstrated that, given a stimulus of sufficient intensity, muscle strength increases in older adults (Rooks et al., 1997; Hurley, 1995; Lord et al., 1996) . However, there are few exercise intervention studies in the literature examining the lower extremity muscle strength of subjects with the CS-30 test. Hruda et al. (2003) found that, using the CS-30 test, lower extremity muscle strength increased 66% using simple, progressive lower body resistance exercises. Islam et al. (2004) also reported that, using the CS-30 test, lower extremity muscle strength increased 20% using combined sensory and muscular exercise. These are higher improvement rates compared with the increase of 13.5% shown in this study. Differences in the mode and frequency of the exercise or in the age of subjects may also explain the difference of gain rates.
The effect of exercise intervention on gait kinematics
The findings of previous studies regarding the effects of exercise on gait velocity are inconsistent. For example, some researchers (Buchner et al., 1997; Sauvage et al., 1992; Brown and Holloszy, 1991) have reported little or no measurable benefit. In contrast, and Lord et al. (1996) reported that exercise groups achieved significant improvements in gait velocity. However, the effects of the intervention were heterogeneous in that those with initial slow walking speeds showed substantially improved walking speed at retest, while those with walking speeds that were normal to begin with showed little change. Additionally, Daley and Spinks (2000) have concluded that exercise influenced only slow walking speed in elderly people. In the present study, although there was a trend towards a decrease in gait velocity which is considerably faster than those of previous studies Lord et al., 1996) , it was not a statistically significant decrease. Differences in the baseline of gait velocity or in the contents of measurement in different studies may also explain the inconsistent finding. The reasons for the differences of gait velocity in those studies are unclear, but most likely reflect differences in both selection criteria and testing protocols.
However, few studies have focused on the gait jointkinematics presented here. It has been shown that the ankle of the elderly is more dorsi-flexed through the walking cycle than that of the young, and the dynamic ROM of the ankle joint is lower in the elderly compared to that in younger people (Winter, 1991) . Judge and colleagues (1996) reported a reduced peak plantar flexion angle (13Ϯ5 degrees) in the elderly compared with young adults (17Ϯ5 degrees). Prior studies have also reported reductions in ankle plantar flexion associated with reduced ankle power generation (Devita and Hortobagyi, 2000; Judge et al., 1996; Kerrigan et al., 1998) . Increased hip extensor work is characteristic of elderly gait and has been proposed to compensate for a lack of trunk support in early stance (DeVita and Hortobagyi, 2000; Kerrigan et al., 1998) , which is normally provided by the ankle plantar flexor (Neptune et al., 2001) , while increased hip flexor work can potentially compensate for the decreased swing initiation (Judge et al., 1996) normally provided by the ankle plantar flexor. Additionally, it has been reported that fallers demonstrated only 37% of the knee extensor strength, and 10% of the ankle plantar flexor strength, exhibited by their nonfalling peers (Whipple et al., 1987) . Therefore, it is considered that stronger propulsive forces during the last stage of the stance phase, in turn, resulted in improvement in the lower extremity muscle strength following a 12-week combined exercise program, because the results of the present study have shown an increase in the ankle joint angle at the phase of TO, and in the dynamic ROM in the ankle joint. These results extends the previous findings of exercise-related improvement in gait pattern in older adults (Lord et al., 1996) , and shows that exercise intervention can be successful in translating lower extremity muscle strength increases into improvement in gait joint-kinematics in older adults.
Falls during walking are the primary cause of accidental injury in elderly individuals, and predominantly result from a slip or trip (Berg et al., 1997) . Toe clearance has been considered to be a major responsibility of the swing leg dorsiflexors, and is quite sensitive to small angular change in the swing ankle, knee, and hip (Winter, 1992) . During mid-swing, the toe drops to its minimum clearance, and the potential for a trip is greatest (Winter, 1992; . Additionally, Chiba et al. (2005) have reported that the toe clearance of older fallers (12.0 mm) was significantly less than for older non-fallers (15.2 mm). The results of the present study have shown reduction in the ankle joint flexion (4.0 degrees) and increases in the knee (5.8 degrees) and hip (3.3 degrees) joint flexion at the phase of mid-swing. While our study did not address toe clearance directly, based on sensitivity calculations to determine the angular change (Winter, 1992) , it is suggested that greater toe clearance during mid-swing resulted in improvement in lower extremity muscle strength following a 12-week combined exercise program. These results demonstrate the efficacy of exercise intervention in positively influencing fall-risk-related gait variables in community-dwelling older women.
This study has several limitations. First, the lack of controls weakens the internal validity of our major findings. Second, these results cannot be generalized to extremely weak or institutionalized elderly persons, because data were assessed in a group of relatively healthy community-dwelling elderly women of 65 years and older. Third, it is also acknowledged that a limitation of studies of this type is that subjects cannot be blinded to their "treatment" condition. Lastly, our study included only women participants to avoid potential sex effects. Consequently, the results may not apply to elderly men. Our results strongly suggest that combined exercise may be beneficial to elderly women for physical performance and for gait. Further study should involve larger sample sizes, controlled designs, and less healthy populations of older adults. Follow-up studies are also needed to determine if benefits for gait can be sustained over time for elderly populations.
In conclusion, a 12-week combined exercise intervention program with extra emphasis on balance, muscle strength, and walking ability resulted in an increase in significant improvements for physical performance, including whole body reaction, 10 m maximal walk, and lower extremity muscle strength, and improvement for gait joint-kinematics including the dynamic ROM of the ankle joint, ankle plantar flexion at the toe-off phase, and lower extremity joint angle at the phase of mid-swing during a gait cycle in community-dwelling elderly women. The results suggest that exercise intervention could be an effective approach to ameliorate the risk factors for falls and to promote safer locomotion in elderly communitydwelling women.
